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Description 

[0001 ] The present invention relates to an implantable 
tubular device such as a stent to be implanted in human 
body such as a blood vessel, a bile duct, a trachea, an 
esophagus, an ureter, and internal organs to improve a 
stenotic lesion or a total occlusion formed in the lumens. 
[0002] To cure various diseases that are caused when 
the blood vessel or lumens are stenosis or occlusion, the 
stent which is a tubular-shaped medical appliance is im- 
planted at the stenotic lesion or the total occlusion to 
expand them and secure the lumen thereof. 
[0003] The stents are classified into self-expandable 
stents and balloon expandable stents, depending on the 
function thereof and the implantation method. Balloon 
expandable stents have no dilating function. After a bal- 
loon expandable stent is inserted into a target lesion, a 
balloon expandable inside the stent in an extent almost 
equal to the normal diameter of the lumen of the target 
lesion is inflated to dilate (plastic deformation) the stent 
by the inflation force of the balloon so that the stentcomes 
in close contact with the inner surface of the target lesion. 
[0004] To deliver the stent to a desired portion of a 
human body, it is necessary that the mounted balloon 
and the stent are flexible. For improving the flexibility of 
an approximately tubular stent having a plurality of an- 
nular units disposed axially and joining portions joining 
adjacent annular units to each other, a known method 
comprises reducing the number of joining portions (ar- 
ticulation) disposed between the adjacent annular units 
(i.e. mono-link stent). 

[0005] However, this method is incapable of improving 
the flexibility of the annular unit. Therefore, there is a 
demand for the development of an implantable device, 
such as astentto be implanted in lumens, which is flexible 
so that it can pass smoothly through a curved portion of 
the human body. 

[0006] An implantable tubular device as defined in the 
preamble of claim 1 is disclosed in WO 94/17754. 
[0007] WO 01 /001 1 2 can be considered as part of the 
state of the art only relevant to questions of novelty pur- 
suant to Article 54(3) EPC. This document discloses a 
variable thickness stent with deformable portions located 
at connecting portions of respective wavy element. The 
deformable portions do not cross the wavy elements. It 
is impossible to obtain a satisfactory flexibility. 
[0008] The present invention has been made to solve 
the above-described problems. Therefore, it is an object 
of the present invention to provide an implantable tubular 
device, for example, astent, having a deformable portion 
to improve the flexibility of an annular unit of the device 
so that the device can pass easily through a bent portion 
of a human body 

[0009] The object described above is attained by an 
implantable tubular device formed as a substantially tu- 
bular body having a diameter so set that said device can 
be inserted into a lumen of a human body and capable 
of dilating radially upon application of a force acting ra- 



dially outwardly from an interior of said tubular body, 
which device comprises a plurality of wavy annular mem- 
bers each formed of a wavy element and arranged in an 
axial direction of said device and connection portions 

5 each connecting said wavy annular members to each 
other in the axial direction of said device. 
[001 0] Each of said wavy annular members has a plu- 
rality of deformable portions each consisting of a groove 
having a width of 1 iuliti - 1 00 juun provided on a surface 

10 of said device. Each of said wavy annular members has 
a bent portion which is not connected to the other wavy 
annular members in such a way that said deformable 
portions cross said wavy annular member including said 
bent portion. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a front view of an implantable tubular device 
according to an embodiment of the present inven- 
tion. 

Fig. 2 is a development view of the implantable tu- 
bular device of Fig. 1 . 

Fig. 3 is a partly enlarged front view of the implant- 
able tubular device of Fig. 1 . 

Fig. 4 is a front view of an implantable tubular device 
according to another embodiment of the present in- 
vention. 

Fig. 5 is a development view of the implantable tu- 
bular device of Fig. 4. 

Fig. 6 is a partly enlarged front view of the implant- 
able tubular device of Fig. 4. 

Fig. 7 is an explanatory view for describing an im- 
plantable tubular device of another embodiment of 
the present invention. 

Fig. 8 is an explanatory view for describing an im- 
plantable tubular device of still another embodiment 
of the present invention. 

Fig. 9 is an explanatory view for describing a method 
of measuring flexibility of the implantable tubular de- 
vice of the present invention. 
Fig. 1 0 is a front view of an implantable tubular device 
according to still another embodiment of the present 
invention. 

Fig. 1 1 is a partly enlarged view of the implantable 
tubular device shown in Fig. 10. 
Fig. 12 is a sectional view taken along a line A-A of 
Fig. 11. 

Fig. 13 is an explanatory view for describing an im- 
plantable tubular device according to still another 
embodiment of the present invention. 
Fig. 1 4 is a front view of an implantable tubular device 
according to still another embodiment of the present 
invention. 

Fig. 15 is a partly enlarged view of the implantable 
tubular device shown in Fig. 14. 
Fig. 1 6 is a sectional view taken along a line B-B of 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 159 934 B1 



4 



Fig. 15. 

Fig. 17 is an explanatory view for describing an im- 
plantable tubular device according to still another 
embodiment of the present invention. 

DESCRIPTION OFTHE PREFERRED EMBODIMENTS 

[0012] An embodiment of the implantable tubular de- 
vice of the present invention (hereinafter referred to as 
mostly "device") will be described below with reference 
to the drawings. 

[0013] An implantable tubular device 1 of the present 
invention to be implanted in a lumen is formed substan- 
tially tubular and has an easy deformable portion formed 
on a peripheral surface thereof, with the deformable por- 
tion forming a predetermined angle with respect to the 
axial direction of the device 1 . It can be said that the 
deformable portion is a weak portion or a thin portion. 
The deformable portion is easy to deform in comparison 
with a remainder part of the device 
[001 4] Because the implantable tubular device 1 of the 
present invention has the deformable portion, the im- 
plantable tubular device has a high flexibility and can 
pass through a bent or curved portion of a human body 
easily and leaves little hysteresis of deformation which 
occurs at the time of insertion thereof in the human body. 
[0015] The implantable tubular device of the present 
invention to be implanted in lumens of the human body 
includes a stent and a stent graft that is used to improve 
a stenotic lesion or a total occlusion formed in the lumens 
such as a blood vessel, a bile duct, a trachea, an esopha- 
gus, an ureter, and the like. 

[0016] The deformable portion includes a portion 
which is thinner than the other portion (undeformable por- 
tion) of the device and thus more flexible than the other 
portion; a portion which has pores and is thus more flex- 
ible than the other portion (undeformable portion) of the 
device; or a portion which is made of a material having 
a lower strength than the other portion (undeformable 
portion) of the device and is thus more frail than the other 
portion. The deformable portion of the implantable tubu- 
lar device 1 shown in Fig. 1 forms a predetermined angle 
with respect to the axial direction of the device. Accord- 
ingly, the implantable tubular device can be curved easily 
along a curved portion formed in a lumen. The deform- 
able portion is so formed that it makes a predetermined 
angle with respect to the axial direction of the device. In 
other words, the deformable portion is so formed that it 
is not parallel with the axial direction of the device. There- 
fore, when the implantable tubular device is inserted into 
the human body and diametrically enlarged, the deform- 
able portion does not cause the device to be broken. 
[0017] An embodiment of the implantable tubular de- 
vice of the present invention will be described below with 
reference to Fig. 1 . 

[0018] The implantable tubular device of the present 
invention is formed as a substantial tubular body. The 
implantable tubular device 1 has a diameter so set that 



it can be inserted into a lumen in the human body and 
can dilate radially upon application of a force acting ra- 
dially outwardly from the interior of the tubular body. The 
implantable tubular device has a plurality of wavy annular 

5 members each formed of a wavy element and arranged 
in the axial direction thereof; and connection portions 
each connecting the adjacent wavy annular members to 
each other in the axial direction thereof. The wavy annular 
member has the deformable portion formed on a bent 

10 portion thereof not connected to the other wavy annular 
members in such a way that the deformable portion 
crosses the wavy annular member. 
[0019] In this embodiment, the implantable tubular de- 
vice consists of a stent 1 . 

15 [0020] The implantable tubular device (stent) 1 is a so- 
called balloon expandable stent. That is, the stent 1 is 
formed as substantially tubular body and has a diameter 
so set that the stent 1 can be inserted into the human 
body. The stent 1 can dilate radially outwardly upon ap- 

20 plication of a force acting radially outwardly from the in- 
terior of the tubular body. 

[0021] The stent 1 has a frame structure. The stent 1 
of the embodiment includes annular units 31 , 32, 33, 34, 
35, 36, 37, 38, 39, 40, 41, and 42 each consisting of a 

25 first wavy annular member 2a annularly formed of a wavy 
element (preferably having no edge); a second wavy an- 
nular member 2b disposed in the axial direction of the 
stent 1 in such away that a mountain thereof is proximate 
to a valley of the first wavy annular member 2a and an- 

30 nularly formed of a wavy element (preferably having no 
edge); and a plurality of connection portions 4 (preferably 
having no edge) connecting the valley of the first wavy 
annular member2aandthe mountain of the second wavy 
annular member 2b to each other. The stent 1 further 

35 includes joining portions 51 , 52, 53, 54, 55, 56, 57, 58, 
59, 60, and 61 (preferably having no edge) arranged in 
the axial direction of the stent 1 and each connecting the 
wavy elements (the second wavy annular member 2b 
and the first wavy annular member 2a) of the adjacent 

40 annular units to each other. It can be said that the stent 
1 is a tubular body constructed of a plurality of annular 
units connected to each other with the joining portions. 
In the stent 1 of the embodiment, it can be also said that 
one annular unit is annularly formed of a plurality of rhom- 

45 bic elements annularly arranged. 

[0022] As shown in Fig. 1 and Fig. 2 which is a devel- 
oped view of Fig. 1, each of the first wavy annular member 
2a and the second wavy annular member 2b is construct- 
ed of an tubularly continuous endless wavy material hav- 

50 ing six mountains and valleys. Preferably, the number of 
the mountains (or valleys) of the tubular bodies is four to 
seven. Each of a plurality of short connection portions 
connects the valley of the second wavy annular member 
and the mountain of the second wavy annular member 

55 2b disposed in the axial direction of the stent 1 in such a 
way that the mountain thereof is proximate to the valley 
of the first wavy annular member 2a. In this manner, one 
annular unit is constructed. In the embodiment, the con- 
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nection portions 4 connect all the valleys of the second 
wavy annular member and all the mountains of the sec- 
ond wavy annular member 2b to each other. One annular 
unit has six (equal to the number of mountains or valleys 
of the tubular body) connection portions 4. 5 
[0023] It is preferable that the material for the stent 1 
has a certain degree of compatibility with an organism. 
For example, it is possible to use stainless steel, tantalum 
or tantalum alloys, platinum or platinum alloys, gold or 
gold alloys, and cobalt base alloys. It is preferable to plate 10 
the stent with a noble metal such as gold and platinum 
after the stent is fabricated into af inal shape. As the stain- 
less steel, SUS 31 6L most corrosion-resistant of the 
above metals can be preferably used. 

[0024] It is preferable to anneal the stent 1 after it is 15 
fabricated into the final shape. Annealing improves the 
flexibility and plasticity of the entire stent so that the stent 
can be effectively implanted in a curved blood vessel. As 
compared with a non-annealed stent, the annealed stent 
has a lower force of restoring to an original state after it 20 
is dilated and has a lower force of restoring to an original 
linear state when it is dilated at a curved portion of a blood 
vessel. This minimizes physical stimulation to the inner 
wall of the curved blood vessel, thus reducing the cause 
of a recurrence of stenosis. The stent is preferably an- 25 
nealed by heating it to 900 to 1200 °C in an inert gas 
atmosphere (e.g., a mixture gas of nitrogen and hydro- 
gen) so that no oxide film is formed on the surface of the 
stent and then slowly cooling it. 

[0025] The stent 1 has a diameter of favorably 0.8 to 30 
1 .8 mm and more favorably of 1 .0 to 1 .6 mm in an undi- 
lated state. The stent 1 has a length favorably of 9 to 40 
mm in an undilated state. The length of each of the wavy 
annular members 2a, 2b has a length of 0.7 to 2.0 mm. 
The length of each of the annular units 31 through 42 is 35 
favorably 1 .5 - 4.0 mm and more favorably 2.0 - 3.0 mm. 
The length of each connection portion 4 is favorably 0.01 
- 0.5 mm. The number of the annular units 31 through 42 
is 3 to 50. The constituent elements (annular member) 
of the adjacent annular units have an axial overlap length 40 
of about 0.5 to 1 mm. The distance between the center 
of one annular unit and that of the annular unit adjacent 
thereto is preferably 1 .3 to 2.5 mm. The length of each 
of the joining portions 51 , 52, 53, 54, 55, 56, 57, 58, 59, 
60, and 61 is preferably 1.4 to 2.7 mm. The angle of 45 
inclination (the angle of inclination of the joining portion 
with respect to the longitudinal direction of the stent in a 
development view) of each of the joining portions 51 
through 61 with respect to the axis of the stent is favorably 
0° to 30° and more favorably 5° to 25°. 50 
[0026] The thickness of each of the wavy annular 
members 2a, 2b of the stent 1 and that of each of the 
joining portions 51 , 52, 53, 54, 55, 56, 57, 58, 59, 60, and 
61 are favorably 0.05 to 0.15 mm and more favorably 
0.08 to 0.12 mm. The width of each of the wavy annular 55 
members 2a, 2b and that of each of the joining portions 
51 , 52, 53, 54, 55, 56, 57, and 58 are favorably 0.07 to 
0.15 mm and more favorably 0.08 to 0.12 mm. The thick- 



ness of the connection portion 4 of the stent 1 is favorably 
0.05 - 0.12 mm and more favorably 0.06 - 0.10 mm. The 
width of the connection portion 4 of the stent 1 is favorably 
0.01 - 0.05 mm and more favorably 0.02 to 0.04 mm. The 
sectional area of the connection portion 4 is favorably 
1/50 to 1/2 of that of the other parts (annular member 
and joining portion) and more favorably 1/20 to 1/10 of 
that of the other parts. 

[0027] The stent 1 has the deformable portion formed 
on the wavy annular member constructing the stent 1. 
More specifically, the deformable portion is formed on a 
bent portion of the wavy annular member not connected 
to the other wavy annular members in such a way that 
the deformable portion crosses the wavy annular mem- 
ber. Therefore, the free bent portion of the wavy annular 
member not connected to the other wavy annular mem- 
bers is allowed to deform easily. Further, a deformation 
hysteresis that occurs when the stent 1 is inserted into 
the human body does not remain in the free bent portion. 
The deformable portion is entirely formed on the stent 1 
to deform the entire stent easily. 

[0028] The deformable portion is formed on the bent 
portion of the wavy annular member not connected to 
the other wavy annular members in such a way that the 
deformable portion crosses the wavy annular member. 
More specifically, when the deformable portion is viewed 
in the axial direction of the wavy annular member, name- 
ly, in the axial direction of the stent (device), the deform- 
able portion is formed on the bent portion of the wavy 
annular member not connected to the other wavy annular 
members in such a way that the deformable portion 
crosses the wavy annular member. That is, the deform- 
able portion forms 20 - 90° and favorably 70 - 90° with 
the axial direction of the device. In the embodiment, the 
deformable portion is almost orthogonal (90 0 ) to the axial 
direction of the device. 

[0029] The deformable portion is formed in such a way 
that when the deformable portion is prolonged, it contin- 
uously goes around the periphery of the device. That is, 
when the deformable portion is prolonged, it forms an 
endless annular configuration. Further the deformable 
portions are formed on the bent portion of the wavy an- 
nular member in such a way that they are substantially 
parallel with one another. Thereby the implantable tubu- 
lar device has substantially annular grooves. Thus the 
implantable tubular device is prevented from being bent 
in a particular direction. That is, the implantable tubular 
device is capable of easily flexing in any directions. 
[0030] The depth of a groove 1 1a is not definite but 
different according to the diameter and thickness of the 
stent. The depth of the groove 1 1 a is favorably 5 - 50% 
of the thickness of the device and more favorably 10 - 
20% thereof. The width of the groove 11a is favorably 
1 |mm - 1 00|uliti and more favorably 5|ULm - 50|ULin. It is pref- 
erable that the interval between the adjacent deformable 
portions (the interval between the grooves, namely, the 
interval between the grooves in the axial direction of 
stent) is much shorter than the axial length of the annular 
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unit. Thus it is preferable that the interval between the 
adjacent deformable portions is 1/80 - 1/8 of the axial 
length of the annular unit to improve the flexibility of the 
annular unit. In the case of the stent 1 of the embodiment, 
the interval between the adjacent grooves of the stent 1 
is favorably 0.01 - 1mm and more favorably 0.05 -0.5mm. 
The deformable portions (groove 11a) 11 of the stent 1 
of the embodiment are formed at regular intervals but 
may be formed at irregular intervals or at regular intervals 
in one region and at irregular intervals in other region. 
[0031] The interval between the adjacent grooves in 
the axial direction of the stent does not necessarily have 
to be uniform. For example, the interval between the ad- 
jacent grooves at both axial ends of the stent 1 may be 
different from that between the adjacent grooves at the 
axial central portion thereof to vary the flexibility of the 
stent 1 , depending on a portion thereof. More specifically, 
the interval between the adjacent grooves may be short 
at both axial ends of the stent 1 and long at the axial 
central portion thereof to allow both axial ends of the stent 
1 to be more flexible than the axial central portion thereof. 
[0032] The groove 1 1a of the embodiment is formed 
on only the outer surface of the stent (device) 1 . But the 
groove 11a may be formed on only the inner surface 
thereof or on both the outer and inner surfaces thereof. 
In the case where the groove 1 1 a is formed on both the 
outer and inner surfaces of the substantially tubular body, 
it is not preferable to form the grooves on concentric cir- 
cles of the tubular body to prevent the groove formed on 
the outer surface thereof and the groove formed on the 
innersurface thereof from being coincidentwith each oth- 
er in the axial direction of the tubular body. Thereby the 
deformable portion does not cause a low-strength portion 
to be formed on the device. 

[0033] The implantable tubular device (stent) is formed 
as a frame structure by removing a portion of a tubular 
body (metal pipe) other than a portion thereof which is 
to be formed as a frame structure. For example, the stent 
is formed by removing an unnecessary portion from a 
metal pipe by using an etching process, known as photo- 
fabrication, using a mask and chemicals; electric dis- 
charge machining; mechanical machining using a die; or 
laser machining method. After the frame structure is pre- 
pared, it is preferable to polish the edge of the frame 
structure by using chemical polishing or electro-polish- 
ing. 

[0034] The method of processing the groove 1 1 a (de- 
formable portion 1 1) will be described below. 
[0035] The groove 1 1 a may be formed after a cylindri- 
cal member formed from the above-described forming 
material is processed into the shape of the stent; before 
the cylindrical member is processed into the shape of the 
stent; or at the time when the cylindrical member is proc- 
essed into the shape of the stent. The groove 11a is 
formed by laser processing method of processing the 
groove by emitting laser to the cylindrical member, etch- 
ing method using photoresist technique or mechanical 
machining. Afterthe groove 1 1a is formed, it is preferable 



to polish the surface of the groove by using chemical 
polishing or electro-polishing. 

[0036] In the case where the groove is formed on the 
inner surface of the stent 1 (in the case where the de- 
5 formable portion is formed from the inner surface of the 
stent 1), it is preferable to use a method of forming a 
thread groove on the innersurface of the cylindrical mem- 
ber by using a tap. 

[0037] In the above embodiment, the annular units are 
10 connected with each other with one joining portion, i.e., 
the stent of mono-link type has been exemplified. But the 
annular units may be connected with each other with a 
plurality of joining portions. That is, the stent of the 
present invention may be of link type. 
15 [0038] The deformable portion does not necessarily 
have to consist of the groove but may consist of a thin 
portion having a predetermined width. 
[0039] Another embodiment of the implantable tubular 
device of the present invention will be described below. 
20 [0040] Fig. 4 is a front view of a stent according to 
another embodiment of the present invention. Fig. 5 is a 
development view of the stent of Fig. 4. Fig. 6 is a partly 
enlarged front view of the stent of Fig. 4. 
[0041] The implantable tubular device of this embodi- 
es ment is different from the above-described embodiment 
in that a stent 10 and a deformable portion 13 of this 
embodiment are different from the stent 1 and the de- 
formable portion 1 1 of the above-described embodiment 
respectively. 

30 [0042] In the stent 10, the deformable portion 13 is so 
formed that when the deformable portion is prolonged, a 
spiral is formed on the peripheral surface of the device. 
Preferably, the number of spirals is 1 - 500. In this em- 
bodiment, the number of spirals is 34. When a plurality 

35 of spirals are formed, the interval between adjacent spi- 
rals (grooves) in the axial direction of the stent is prefer- 
ably 0.05 - 0.5mm. The inclination of the spiral with re- 
spect to the axial direction of the stent is preferably 60 - 
80°. 

40 [0043] The depth of a groove 13a is not definite but 
different according to the diameter and thickness of the 
stent. The depth of the groove 13a is favorably 5 - 50% 
of the thickness of the device and more favorably 10 - 
20% thereof. The width of the groove 13a is favorably 

45 1 |mm - 1 00|mm and more favorably 5|mm - 1 0juun. 

[0044] The inclination of the spiral formed by the 
groove with respect to the axial direction of the stent, in 
other words, the pitch between the adjacent spirals 
formed by the groove does not necessarily have to be 

50 equal to each other. For example, the pitch between the 
adjacent spirals at both axial ends of the stent 1 0 may 
be different from that between the adjacent spirals at the 
axial central portion thereof to vary the flexibility of the 
stent 10, depending on a portion thereof. More specifi- 

55 cally, the pitch between the adjacent spirals may be short 
at both axial ends of the stent 10 and long at the axial 
central portion thereof to allow both ends of the stent 1 0 
to be more flexible than the axial central portion thereof. 
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[0045] The groove 13a of the present invention is 
formed on only the outer surface of the stent (device) 1 0. 
But the groove 13a may be formed on only the inner 
surface thereof or on both the outer and inner surfaces 
thereof. In the case where the groove 13a is formed on 
both the outer and inner surfaces of the substantially tu- 
bular body, it is preferable to prevent the groove formed 
on the outer surface thereof and the groove formed on 
the inner surface thereof from being coincident with each 
other in the axial direction of the tubular body. Thereby 
the deformable portion does not cause a low-strength 
portion to be formed on the device. The deformable por- 
tion does not necessarily have to consist of the groove 
but may consist of a thin portion having a predetermined 
width. 

[0046] The deformable portion 13 of the stent 10 can 
be formed by the methods that are used to form the 
above-described deformable portion 1 1 of the stent 1 . 
[0047] In addition, the implantable tubular device of 
the present invention may be produced from a spiral de- 
formable portion-provided tubular body formed by con- 
necting axially adjacent coiled wire members to each oth- 
er directly or indirectly. In this case, the implantable tu- 
bular device of the present invention is formed as a frame 
structure by removing a portion of the prepared tubular 
body other than a portion thereof which is to be formed 
as the device. 

[0048] Fig. 7 shows the tubular body, composed of the 
coiled wire member, which is used as the device of the 
present invention with solid lines. Fig. 7 also shows the 
frame structure formed by removing the portion of the 
tubular body other than the portion thereof which is to be 
formed as the implantable tubular device with broken 
lines. 

[0049] The tubular body is produced by directly or in- 
directly connecting adjacent coiled wire members 21 to 
each other in the axial direction of the coil. The tubular 
body has the spiral deformable portions 15. 
[0050] The thickness of a connection portion 1 6 of the 
tubular body 20 is formed smaller than the diameter of 
the wire member 21 to deform the connection portion 1 6 
more easily than the body of the wire member 21 . The 
wire members 21 adjacent to each other in the axial di- 
rection of the coil may be connected to each other directly 
(direct connection) by welding or the like or indirectly (in- 
direct connection) through other member having a high 
flexibility. In the direct and indirect connections, the entire 
adjacent surfaces of the wire members 21 do not neces- 
sarily have to be connected to each other but a part of 
the adjacent surfaces thereof can be connected to each 
other. 

[0051] The thickness of the deformable portion 15 
does not necessarily have to be smaller than the diameter 
of the wire member 21, provided that the implantable 
tubular device can deform (flex) easily, with the deform- 
able portion acting as the point of origin of the deforma- 
tion. Forexample, the thickness of the deformable portion 
1 5 may be almost equal to the diameter of the wire mem- 



ber 21 by interposing other member between the adja- 
cent wire members 21 . 

[0052] The tubular body 20 has a diameter favorably 
0.8 mm to 1 .8 mm and more favorably 1 .0 mm to 1 .6 mm. 

5 The axial length of the tubular body is favorably 3 mm to 
50mm and more favorably 5 mm - 30mm. 
[0053] The wire member has a diameter favorably 0.01 
to 0.2mm and more favorably 0.05 to 0.1mm. The interval 
between the adjacent wire members is favorably 0 to 

10 o.5mm and more favorably 0 - 0.1 mm. It is preferable to 
make the wire member of a material similar to the material 
for the stent 1 . 

[0054] As the method of shaping the implantable tu- 
bular device, in other words, as the method of producing 
15 the frame structure by removing the portion of the pre- 
pared tubular body other than the portion thereof which 
is to be formed as the device, etching method known as 
photo-fabrication, using a mask and chemicals; electric 
discharge machining using a die; mechanical machining 
20 or laser processing method can be used. 

[0055] The implantable tubular device of this embodi- 
ment can be easily bent from the deformable portion 
which is formed at the connection portion of the adjacent 
wire members 21. Thus the implantable tubular device 
25 can pass smoothly through a bent portion of the human 
body. 

[0056] Further the implantable tubular device of the 
present invention may be produced from an annular de- 
formable portions-provided tubular body formed by di- 
30 rectly or indirectly connecting ring members so disposed 
parallel to each other as to form a cylindrical shape. In 
this case, the implantable tubular device of the present 
invention is formed as a frame structure by removing a 
portion of the prepared tubular body other than a portion 
35 thereof which is to be formed as the device. 

[0057] Fig. 8 shows the tubular body, composed of a 
plurality of ring members, which is used as the implant- 
able tubular device of the present invention with solid 
lines. Fig. 8 also shows a frame structure formed by re- 
40 moving the portion of the prepared tubular body other 
than the portion thereof that is to be formed as the im- 
plantable tubular device with broken lines. 
[0058] The tubular body 30 is produced by directly or 
indirectly connecting a plurality of ring members 23 dis- 
45 posed parallel with one another. The tubular body 30 has 
a plurality of annular deformable portions 1 7 formed be- 
tween the adjacent ring members 23. A plurality of the 
deformable portion 1 7 are formed in connection portions 
18 of the adjacent ring members 23 by connecting the 
50 ring members 23 to each other in the axial direction of a 
stent 30. Each deformable portion 1 7 is endless and an- 
nular. 

[0059] The ring members 23 adjacent to each other in 
the axial direction of the stent may be connected to each 
55 other directly (direct connection) by welding or the like or 
indirectly (indirect connection) through other member 
having a high flexibility. In the direct and indirect connec- 
tions, the entire adjacent surfaces of the ring members 
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23 do not necessarily have to be connected to each other 
but a part of the adjacent surfaces thereof can be con- 
nected to each other. 

[0060] The thickness of the deformable portion 17 
does not necessarily have to be smaller than the diameter 
of the ring member 23, provided that the implantable tu- 
bular device can deform (flex) easily, with the deformable 
portion acting as the point of origin of the deformation. 
For example, the thickness of the deformable portion 17 
may be almost equal to the diameter of the ring member 
23 by interposing other member between the adjacent 
ring members 23. 

[0061] The tubular body 30 has a diameter favorably 
0.8 to 1.8 mm and more favorably 1.0 to 1.6 mm. The 
axial length of the tubular body is favorably 3 to 50mm 
and more favorably 5 - 30mm. 

[0062] A wire material forming the ring member 23 has 
a diameter favorably 0.01 to 0.2mm and more favorably 
0.05 to 0.1mm. The interval between the adjacent ring 
members is favorably 0 to 0.5mm and more favorably 0 
- 0.1 mm. It is preferable to make the ring member of a 
material similar to the material for the stent 1 . 
[0063] As the method of shaping the implantable tu- 
bular device, in other words, as the method of producing 
the frame structure by removing the portion of the pre- 
pared tubular body other than the portion thereof which 
is to be formed as the device, etching method known as 
photo-fabrication, using a mask and chemicals; electric 
discharge machining using a die; mechanical machining 
or laser processing method can be used. 
[0064] The implantable tubular device of this embodi- 
ment can be easily bent from the deformable portion 
which is formed at the connection portion of the adjacent 
ring members 23. Thus the implantable tubular device 
can pass through a bent portion of the human body. 
[0065] The balloon expandable stent has been de- 
scribed in the embodiment. But the present invention is 
applicable to the self-expandable stent. 
[0066] The implantable tubular device may carry a 
medicine or a bioprosthetic material(in other words, ma- 
terial originated inorganism or biosynthesis material). At 
least one part of the outer surface of the device may be 
coated with a coating material made of a biocompatible 
material, a biodegradable material or synthetic resin. At 
least the outer surface of the deformable portion may be 
entirely coated with the coating material made of the bio- 
compatible material, the biodegradable material or the 
synthetic resin. 

[0067] Fig. 10 is a front view of an implantable device 
according to still another embodiment of the present in- 
vention. Fig. 1 1 is a partly enlarged view of the device 
shown in Fig. 1 0. Fig. 1 2 is a sectional view taken along 
a line A-A of Fig. 11. 

[0068] An implantable device 100 of the embodiment 
has a body 1 and a coating material 101 coating the im- 
plantable tubular device. 

[0069] The body 1 of the implantable tubular device of 
the present invention is formed as a substantial tubular 



body and has a deformable portion formed on a periph- 
eral surface thereof, with the deformable portion forming 
a predetermined angle with the axial direction of the de- 
vice. At least one part of the outer surface of the implant- 

5 able tubular device of this embodiment is coated with a 
coating material made of an biocompatible material, an 
biodegradable material or synthetic resin. Further At least 
the outer surface of the deformable portion is entirely 
coated with the coating material made of the biocompat- 

10 ible material, the biodegradable material or the synthetic 
resin. More specifically, the entire device is coated with 
the coating material made of the biocompatible material, 
the biodegradable material or the synthetic resin. 
[0070] The body of the implantable tubular device 1 is 

15 formed as a substantial tubular body. The body of the 
implantable tubular device 1 has a diameter so set that 
it can be inserted into a lumen in the human body and 
can dilate radially upon application of a force acting ra- 
dially outwardly from the interior of the tubular body. The 

20 body of the implantable tubular device has a plurality of 
wavy annular members each formed of a wavy element 
and arranged in the axial direction thereof; and connec- 
tion portions each connecting the adjacent wavy annular 
members to each other in the axial direction thereof. The 

25 wavy annular member has the deformable portion formed 
on a bent portion thereof not connected to the other wavy 
annular members in such a way that the deformable por- 
tion crosses the wavy annular member. 
[0071 ] As the body 1 of the implantable tubular device, 

30 the implantable tubular device of all of the above-de- 
scribed embodiments can be used. In the implantable 
tubular device of the embodiment, the depth of the groove 
11a forming the deformable portion is not definite but 
different according to the diameter and thickness of the 

35 stent. The depth of the groove 1 1 a is favorably 1 - 99% 
of the thickness of the device and more favorably 5 - 50% 
thereof. 

[0072] As shown in Figs. 10 and 12, the implantable 
tubular device of this embodiment has a coating material 

40 formed on the body thereof. 

[0073] It is preferable that the coating material 101 
coats the entire surface (outer surface and inner surface) 
of the body 1 of the device. But the coating material 1 01 
may coat a part of the outer surface of the body 1 or only 

45 the outer surface of the deformable portion. 

[0074] The coating material 1 01 consists of the bio- 
compatible material, the biodegradable material or the 
synthetic resin. 

[0075] The following synthetic resins can be used to 
50 form the coating material 1 01 : ethylene-vinyl acetate co- 
polymer, polyester, silicone rubber (RTV rubber), ther- 
moplastic polyurethane, fluorine resin (for example, PT- 
FE, ETFE, thermoplastic fluorine resin), polyolefin (for 
example, polyethylene, polypropylene, low-density pol- 
55 yethylene, low-density polypropylene), polyester, polyc- 
aprolactone, polyvinyl acetate, polycarbonate, polyimide 
carbonate, aliphatic polycarbonate, and mixtures there- 
of. 
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[0076] The following biocompatible materials can be 
used to form the coating material 101 , provided that plate- 
lets do not attach thereto easily and that they do not stim- 
ulate tissue: saccharide, silicone, mixture or block copol- 
ymer of polyether-type polyurethane and dimethyl sili- 
con, polyurethane such as segmented polyurethane, 
polyacrylamide, polyethylene oxide, polyethylene car- 
bonate, polycarbonate such as polypropylene carbonate, 
polymethoxy ethyl acrylate, polyhydroxy ethyl methacr- 
ylate, copolymer of hydroxy ethyl methacrylate and sty- 
rene (for example, HEMA-St-HEMA block copolymer), 
and fibrin. 

[0077] The following biodegradable materials can be 
used to form the coating material 1 01 , provided that they 
are decomposed enzymaticallyor non-enzymatically and 
a decomposed matter is not poisonous: polylactic acid, 
polyglicolic acid, polylactic acid-polyglicolic acid copoly- 
mer, polycaprolactone, polylactic aci d - po I ycapro lactone 
copolymer, polyhydroxybutyric acid, polymalic acid, poly 
oc-amino acid, collagen, gelatin, laminin, heparan sulfate, 
fibronectin, vitronectin, chondroitin sulfate, hyaluronic 
acid, chitin, and chitosan. 

[0078] The deformable portion can be reinforced with 
the coating material 101 coating at least the outer surface 
of the deformable portion 11. Further even though the 
body 1 of the device is broken at the deformable portion 
1 1 , the coating material prevents a broken portion from 
separating from the body 1 . 

[0079] The thickness of the coating material 1 01 is fa- 
vorably 0.1 - 100|jim and more favorably Sjuim - 50|ULm, 
although its thickness is different according to the coating 
material that is used. 

[0080] The coating material is formed on the body of 
the device by preparing a solution in which a solvent dis- 
solving a coating material-forming material therein with- 
out modifying it, bringing a portion of the body of the de- 
vice on which the coating material is to be formed into 
contact with the solution, and removing the solvent. The 
body of the device can be brought into contact with the 
solution by immersing the body in the solution or applying 
the solution to the body. 

[0081] The implantable tubular device 100 shown in 
Figs. 1 0 and 1 1 has the coating material 1 01 coating the 
outer surface including the outer surface of the deform- 
able portion 1 1 of the body 1 of the device and the inner 
surface of the body 1 thereof. As the material for the 
coating material, those described above can be used. In 
the implantable tubular device 100 of the embodiment, 
as shown in Fig. 12, the coating material-forming material 
fills into the groove 11a forming the deformable portion 
11. The coating material-forming material filled into the 
groove 11a allows the deformable portion to be rein- 
forced without preventing a large amount of deformation 
of the deformable portion and also allows the coating 
material to adhere to the body 1 of the device firmly. Thus 
it is possible to prevent the coating material from sepa- 
rating from the body 1 . Furthermore because the portion 
of the coating material 1 01 filling into the groove is thicker 



than other portions of the coating material 101. There- 
fore, if the body 1 of the device is broken at the deformable 
portion 11 (groove 11a) in an implanting operation, the 
coating member is hardly broken. Thus even though the 

5 deformable portion 1 1 is broken, it is possible to prevent 
a broken portion from separating from the body 1. As 
shown in Fig. 13, the implantable tubular device having 
the groove 11a forming the deformable portion on the 
outer and inner surfaces of the body thereof may be used. 

10 in this case, as shown in Fig. 13, it is preferable to pen- 
etrate the coating material-forming material into the 
groove 1 1 a forming the deformable portion on the outer 
and inner surfaces of the body of the device. 
[0082] As described above, the body of the implantable 

15 tubular device is allowed to undergo a preferable defor- 
mation in the case where the body has the groove 11a 
forming the deformable portion on the outer and inner 
surfaces of the body. Further the penetration of the coat- 
ing mate rial -forming material into the groove 1 1a allows 

20 the deformable portion to be reinforced without prevent- 
ing a large amount of the deformation of the deformable 
portion and also allows the coating material to adhere to 
the body 1 of the device firmly. Thus it is possible to pre- 
vent the coating material from separating from the body 

25 1 . Furthermore because the portion of the coating mate- 
rial 101 into which the coating material-forming material 
penetrates is thicker than other portions of the coating 
material 1 01 . Therefore, if the body 1 of the implantable 
tubular device is broken at the deformable portion 1 1 

30 (groove 11a) in an implanting operation, the coating 
member is hardly broken. 

[0083] The body of the implantable tubular device may 
carry a medicine or a bioprosthetic material(in other 
words, biosynthesis material, material originated inor- 

35 ganism). As the mode of carrying the medicine or the 
bioprosthetic material(in other words, material originated 
inorganism), it is preferable that the implantable tubular 
device has the coating material carrying the medicine or 
the bioprosthetic material(in other words, material origi- 

40 nated inorganism). But it is possible that the implantable 
tubular device does not have the coating material and 
instead carries the medicine or the bioprosthetic material 
(in other words, material originated inorganism) directly. 
As the mode of allowing the coating material to carry the 

45 medicine or the bioprosthetic material(in other words, 
material originated inorganism), the medicine or the bi- 
oprosthetic material(in other words, material originated 
inorganism) is contained in the layer of the coating ma- 
terial or applied to the surface thereof. The coating ma- 

50 terial may be porous. 

[0084] As a favorable mode, a mixture of the medicine 
and the biodegradable material is essentially applied to 
the outer surface of the body of the device. As a more 
favorable mode, the mixture of the medicine and the bi- 

55 odegradable material is applied to the entire surface 
thereof. By doing so, after the implantable tubular device 
is implanted in the human body, the biodegradable ma- 
terial decomposes and the medicine is gradually dis- 
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charged from the coating material. Thereby the effect of 
the medicine can be obtained continuously for a certain 
period of time. 

[0085] Fig. 14 is a front view of an implantable device 
according to still another embodiment of the present in- 
vention. Fig. 15 is a partly enlarged view of the implant- 
able tubular device shown in Fig. 1 4. Fig. 1 6 is asectional 
view taken along a line B-B of Fig. 15. 
[0086] The implantable tubular device can carry the 
following medicines: medicine for preventing intimal hy- 
perplasia, carcinostatic agent, immunosuppressor, anti- 
biotic, antirheumatic, antithrombotic drug, HMG-CoA re- 
ductase inhibitor, ACE inhibitor, calcium antagonist, anti- 
hyperlipidemia agent, anti-inflammatory agent, integrins 
inhibitor, antiallergic agent, antioxidant, GP II b III a an- 
tagonist, retinoids, flavonoids, carotenoids, lipid-improv- 
ing agent, DNA-synthesis inhibitor, tyrosine kinase inhib- 
itor, antiplatelet agent, vascular smooth muscle cell pro- 
liferution inhibitor, bioprosthetic material(in other words, 
material originated inorganism), interferon, and epithelial 
cell formed by genetic engineering. Mixtures each con- 
taining two or more of these agents may be used. 
[0087] The following carcinostatic agents are prefera- 
ble:vincristine, vinblastine, vindesine, vindesine sulfate, 
irinotecan, irinotecan hydrochloride, pirarubicin, piraru- 
bicin hydrochloride, paclitaxel(PTX), docetaxel, docetax- 
el hydrate, and methotrexate(MTX). 
[0088] The following immunosuppressors are prefer- 
able: sirolimus, tacrolimus, tacrolimus hydrate, azathio- 
prine(AZP), ciclosporin(CYA), cyclophosphamide, myc- 
ophenolate mofetil, gusperimus hydrochloride, and mi- 
zoribine. 

[0089] The following antibiotics are preferable: mito- 
mycin, adriamycin(ADM), doxorubicin, doxorubicin hy- 
drochloride(DXR), actinomycin, actinomycin D, dauno- 
rubicin, daunorubicin hydrochloride, idarubicin, idaru- 
bicin hydrochloride(DNR), pirarubicin, pirarubicin hydro- 
chloride(THP), aclarubicinn, aclarubicin hydrochloride 
(ACR), epirubicin, epirubicin hydrochloride(EPI), peplo- 
mycin, peplomycin sulfate(PEP), and zinostatin sti- 
malamer. 

[0090] The following antirheumatics are preferable: 
methotrexate(MTX), sodium thiomalate, penicillamine, 
and lobenzarit, lobenzarit disodium. 
[0091] The following anti-thrombotic drugs are prefer- 
able: heparin, aspirin, antithrombin preparation, ticlopi- 
dine, ticlopidine hydrochloride and hirudin. 
[0092] The following HMG-CoA reductase inhibitors 
are preferable: cerivastatin, cerivastatin sodium, atorv- 
astatin, atorvastatin calcium, nisvastatin, itavastatin, flu- 
vastatin, fluvastatin sodium, simvastatin, lovastatin, and 
pravastatin, pravastatin sodium. 

[0093] The following ACE inhibitors are preferable: 
quinapril, quinapril hydrochloride, perindopril erbumine, 
trandolapril, cilazapril, temocapril, temocapril hydrochlo- 
ride, delapril, delapril hydrochloride, enalapril maleate, 
lisinopril, and captopril. 

[0094] The following calcium antagonists are prefera- 



ble: nifedipine, nilvadipine, diltiazem, diltiazem hydro- 
chloride, benidipine, benidipine hydrochloride, and nisol- 
dipine. 

[0095] As the cholesterol-lowering agent, probucol is 
5 preferable. 

[0096] As the antiallergic agents, tranilast is prefera- 
ble. 

[0097] As the retinoids, all trans retinoic acid is prefer- 
able. 

10 [0098] As the flavonoids and carotenoids, catechins is 
preferable. Particularly, Epigallocatechin gallate, an- 
thocyanins, proanthocyanidin, lycopene, and p-carotin 
are preferable. 

[0099] As the tyrosine kinase inhibitors, genistein, erb- 
15 statin, and Tyrphostins are preferable. 

[01 00] As the anti-inflammatory agents, steroids such 
as dexamethasone and prednisolone are preferable. 
[0101] The following bioprosthetic materials(in other 
words, materials originated inorganism) are preferable: 
EGF (epidermal growth factor), VEGF (vascular en- 
dothelial growth factor), HGF (hepatocyte growth factor), 
PDGF (platelet derived growth factor), and bFGF (basic 
fibroblast growth factor). An implantable device 110 
shown in Figs. 14 through 16 has the coating material 
1 1 1 coating the outer surface including the outer surface 
of the deformable portion 1 1 of the body 1 of the device 
and the inner surface of the body 1 thereof. The coating 
material contains the medicine or the bioprosthetic ma- 
terial^ other words, material originated inorganism) or 
has the medicine or the bioprosthetic material on its sur- 
face. The implantable tubular device 1 1 0 of the embod- 
iment has the coating material 1 1 1 made of a mixture of 
a medicine 1 12. As the material for the coating material, 
those described above can be used. In the implantable 
tubular device 1 1 0 of the embodiment, as shown in Fig. 
1 5, the coating material-forming material is in penetration 
into the groove 1 1 a forming the deformable portion 1 1 . 
The penetration of the coating material-forming material 
into the groove 1 1a allows the deformable portion to be 
reinforced without preventing a large amount of defor- 
mation of the deformable portion and also allows the coat- 
ing material to adhere to the body 1 of the device firmly. 
Thus it is possible to prevent the coating material from 
separating from the body 1 . Furthermore because the 
portion of the coating material 1 1 1 into which the coating 
material-forming material penetrates is thicker than other 
portions of the coating material 111. Therefore, if the body 
1 of the implantable tubular device is broken at the de- 
formable portion 1 1 (groove 1 1 a) in an implanting oper- 
ation, the coating member is hardly broken. Thus even 
though the deformable portion 1 1 is broken, it is possible 
to prevent a broken portion from separating from the body 
1. 

[01 02] As shown in Fig. 1 5, the implantable tubular de- 
vice 1 1 0 of the embodiment has the coating material 111, 
composed of a mixture of the biodegradable material and 
the medicine 1 12, coating the inner and outer surfaces 
thereof. After the implantable tubular device is implanted 



25 



30 



35 



40 



45 



50 



9 



17 



EP 1 159 934 B1 



18 



in the human body, the biodegradable material decom- 
poses and the medicine is gradually discharged from the 
coating material. Thereby the effect of the medicine can 
be obtained continuously for a certain period of time. 
[0103] The medicine or the bioprosthetic material(in 
other words, material originated inorganism) is carried 
by the body of the implantable tubulardevice by preparing 
a mixed solution containing a solvent which can disperse 
the medicine or the bioprosthetic material(in other words, 
material originated inorganism) therein without modifying 
them and which has adherence to the body of the im- 
plantable tubular device; and bringing a portion of the 
body of the implantable tubular device on which the med- 
icine or the bioprosthetic material(in other words, material 
originated inorganism) is to be carried into contact with 
the mixed solution. The body of the implantable tubular 
device can be brought into contact with the mixed solution 
by immersing the body thereof in the mixed solution or 
applying the mixed solution to the body thereof. 
[01 04] As shown in Fig. 1 7, the implantable tubular de- 
vice may have the coating material 1 1 1 made of the bio- 
compatible material, the biodegradable material or the 
synthetic resin formed on its surface and further the med- 
icine 112 or the bioprosthetic material(in other words, 
material originated inorganism) held on the surface of 
the coating material 111. 

[0105] The implantable tubular device can have the 
coating material 1 1 1 made of the biocompatible material, 
the biodegradable material or the synthetic resin on its 
surface and carries the medicine 1 1 2 or the bioprosthetic 
material(in other words, material originated inorganism) 
on the surface of the coating material 1 1 1 as follows: 
[0106] Initially, the coating material is formed on the 
body of the implantable tubular device by preparing a 
solution in which a solvent dissolving a coating material- 
forming material therein without modifying it, bringing a 
portion of the body of the implantable tubular device on 
which the coating material is to be formed into contact 
with the solution, and removing the solvent. The body of 
the implantable tubular device can be brought into con- 
tact with the solution by immersing the body thereof in 
the solution or applying the solution to the body thereof. 
Then, in the case where the medicine or the bioprosthetic 
material(in other words, material originated inorganism) 
has adhesion to the coating material, a solution consist- 
ing of water in which the medicine or the bioprosthetic 
material(in other words, material originated inorganism) 
is dissolved or dispersed is prepared. In the case where 
the medicine or the bioprosthetic material(in other words, 
material originated inorganism) does not have adhesion 
to the coating material, the medicine or the bioprosthetic 
material(in other words, material originated inorganism) 
is added to a solution containing a material which can 
disperse the medicine or the bioprosthetic material(in 
other words, material originated inorganism) and which 
has adhesion to the coating material to form a mixed 
solution. Then, a portion of the body of the implantable 
tubulardevice on which the medicine or the bioprosthetic 



material(in other words, material originated inorganism) 
is to be held is brought into contact with the mixed solu- 
tion. The body of the implantable tubular device can be 
brought into contact with the mixed solution by immersing 
5 the body thereof in the mixed solution or applying the 
mixed solution to the body thereof. 

EXAMPLE 

10 Example 1 

[0107] Grooves were formed on the entire peripheral 
surface of a pipe made of SUS 31 6L having a diameter 
of 1.44mm, a thickness of 0.095mm by utilizing a laser 

15 machining method (YAG laser model SL1 1 6E manufac- 
tured by NEC). The interval between the adjacent spiral 
grooves was 0.1 mm. The depth of the groove was about 
0.02mm. In the laser machining method, the output of 
the laser was 2.35 kW, and the processing speed was 

20 50mm/mimute. 

[01 08] The metal pipe having the spiral groove formed 
on its surface was mounted on a jig equipped with a ro- 
tating motor and a fastening mechanism to prevent run- 
out of the metal pipe. The jig was set on a numerically 

25 controllable XY table. The XY table and the rotating motor 
were connected to a personal computer such that an out- 
put of the personal computer was transmitted to a nu- 
merical controller of the XY table and the rotating motor. 
A development drawing representing the stent having 

30 the structure shown in Fig. 2 was inputted to the personal 
computer storing a design software. 
[0109] The XY table and the rotating motor were driven 
in accordance with design data outputted from the per- 
sonal computer. The pipe was irradiated with a laser 

35 beam to machine the pipe into a stent structure having 
the configuration shown in Fig. 1. 
[0110] As the laser machining condition for the metal 
pipe, current value was 25 A, an output was 1 .5 W, and 
a drive speed was 10 mm/min. The machine is not limited 

40 to the above-described system but it is possible to use a 
laser marker of the galvanometer system to be driven by 
a laser machining device. 

[0111] A stent structure having the configuration 
shown in Fig. 1 was prepared in this manner. The stent 

45 structure was dipped in a stainless steel chemical pol- 
ishing solution at about 98 °C for about 10 minutes to 
chamfer and chemically polish the stent structure. The 
chemical polishing solution used in example 1 contained 
a mixture of hydrochloric acid and nitric acid serving as 

50 a main component, an organic sulfur compound, and a 
surface active agent. The chemical polishing solution is 
commercially available as Sunbit 505 from Sanshin 
Chemical Industry K.K. 

[01 1 2] In this manner, thestentof the present invention 
55 having the configuration shown in Figs. 1 through 3 was 
prepared. The stent had an entire length of 20 mm and 
an outer diameter of 1 .4 mm. The width of a portion con- 
stituting a wavy element (wavy annular member) and a 
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joining portion was 0.12 mm. A connection portion had 
a width 0.03mm and a length of 0.1 mm. The stent had a 
thickness of about 0.08mm. 

Comparison Example 

[0113] Except a groove was not formed on the pipe, 
the stent of the comparison example was formed in a 
way similar to that of the example 1 . 

Experiment 1 

[01 14] To examine the influence of the groove (deform- 
able portion) on the flexibility of the stent, the following 
experiments were conducted by using the stent of the 
example 1 and that of the comparison example. 
[0115] Referring to Fig. 9, an undilated stent 90 was 
fixed to a fixing device 91 at a position thereof 10mm 
spaced from the rear end thereof. In this state, a portion 
of the stent 90 in the vicinity of the front end thereof was 
pressed downward with a penetrator 92 to measure a 
load applied thereto when the front end thereof descend- 
ed 2mm. The results of the measurement are shown in 
table 1 below. 



Table 1 





Load (g) 


Example 1 


0.77 


Comparison example 


2.60 



[0116] As shown in table 1, the load of the groove- 
unprovided stent of the comparison example was 2.60g, 
whereas that of the groove-provided stent (example 1) 
was 0.77g which was much smaller than 2.60g. This in- 
dicates that owing to the formation of the groove on the 
stent, the stent is allowed to have a much higher flexibility. 

Example 2 

[0117] A mixed solution was formed from a solution 
containing 5mg of cerivastatin sodium which is an HMG- 
CoA reductase inhibitor dissolved in 1 ml of ethanol and 
a solution containing 40mg of polylactic acid dissolved 
in 4ml of dichloromethane. The stent of example 1 was 
sprayed with the mixed solution of the polylactic acid con- 
taining the cerivastatin sodium. That is, the entire outer 
surface of the stent having the deformable portion was 
coated with the biodegradable material containing the 
medicine. 

Example 3 

[0118] A solution containing 40mg of polylactic acid 
dissolved in 4ml of dichloromethane was prepared. The 
stent of example 1 was immersed in the solution. After 
the stent was pulled upward, it was dried. The stent coat- 



ed with the polylactic acid was prepared. That is, the en- 
tire surface of the stent having the deformable portion 
was coated with the biodegradable material. 

5 Example 4 

[01 19] A mixed solution containing 5mg of EGF which 
was used as a bioprosthetic material(in other words, ma- 
terial originated inorganism) and 40mg of gelatin dis- 

10 solved in 4ml of water was prepared. The stent of exam- 
ple 1 was sprayed with the mixed solution of the gelatin 
containing the EGF. That is, the entire outer surface of 
the stent having the deformable portion was coated with 
the biodegradable material containing the bioprosthetic 

15 material(in other words, material originated inorganism). 

Example 5 

[01 20] 5mg of paclitaxel(PTX) which is a carcinostatic 
agent and 40mg of silicone were dissolved in 4ml of cy- 
clohexane. The stent of example 1 was sprayed with the 
solution of the silicone containing the paclitaxel. That is, 
the entire outer surface of the stent having the deformable 
portion was coated with the biocompatible material con- 
taining the medicine. 

Example 6 

[01 21] A solution containing 40mg of silicone dissolved 
in 4ml of cyclohexane was prepared. The stent of exam- 
ple 1 was immersed in the solution. After the stent was 
pulled upward, it was dried. That is, the stent coated with 
the silicone was prepared. The surface of the stent was 
sprayed with a solution containing 5mg of cerivastatin 
sodium dissolved in 1ml of ethanol. The surface of the 
stent coated with the silicone was coated with the ceriv- 
astatin sodium. That is, the entire outer surface of the 
stent having the deformable portion was coated with the 
biocompatible material coated with the medicine. 

Experiment 2 

[0122] To examine the influence of the groove (deform- 
able portion) on the flexibility of the stent, the following 
experiments were conducted by using the stent of the 
example 2 through 6 and that of the comparison example. 
[0123] Referring to Fig. 9, an undilated stent 90 was 
fixed to a fixing device 91 at a position thereof 10mm 
spaced from the rear end thereof. In this state, a portion 
of the stent 90 in the vicinity of the front end thereof was 
pressed downward with a penetrator 92 to measure a 
load applied thereto when the front end thereof descend- 
ed 2mm. The results of the measurement are shown in 
table 2 below. 
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angle of form 20° -90° with the axial direction of said 
device. 

5. An implantable device according to anyone of claims 
5 1 to 4, wherein each said deformable portion is so 

formed that when said deformable portion is pro- 
longed, said deformable portion continuously goes 
around a periphery of said device. 

10 6. An implantable device according to anyone of claims 
1 to 5, wherein each said deformable portion is so 
formed that when said deformable portion is pro- 
longed, a spiral is formed on the periphery of said 
device. 

15 

7. An implantable device according to anyone of claims 
1 to 6, wherein said each deformable portion is 
formed on the entire device. 

20 8. An implantable device according to anyone of claims 
1 to 7, wherein the plurality of said deformable por- 
tions are formed with an interval between the respec- 
tive deformable portions in the axial direction of said 
device of 0.01 - 1 mm. 

25 

9. An implantable device according to anyone of claims 
1 to 8, wherein said device consists of a stent or a 
stent graft. 



Table 2 





Load (g) 


Example 2 


1.83 


Example 3 


1.79 


Example 4 


1.67 


Example 5 


2.03 


Example 6 


2.00 


Comparison example 


2.60 



[0124] Although some preferred embodiments have 
been described, many modifications and variations may 
be made thereto in the light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims, the invention may be practiced other- 
wise than as specifically described. 



Claims 

1 . An implantable tubular device formed as a substan- 
tially tubular body having a diameter so set that said 
device can be inserted into a lumen of a human body 
and capable of dilating radially upon application of a 
force acting radially outwardly from an interior of said 
tubular body, said device comprising: 

a plurality of wavy annular members (2a, 2b) 
each formed of a wavy element and arranged in 
an axial direction of said device ; and 
connection portions (4) each connecting said 
wavy annular members to each other in the axial 
direction of said device, characterised in that 
each of said plurality of wavy annular members 
(2a, 2b) having a plurality of deformable portions 
each formed by a groove having a width of 1 lutm 
100 lutm provided on a surface of said device ; 
each of said wavy annular members (2a, 2b) 
having a bent portion which is not connected to 
the other wavy annular members in such a way 
that said deformable portions cross 
said wavy annular member including said bent 
portion. 

2. An implantable device according to claim 1 , wherein 
said groove is formed on an inner surface of said 
device or on an outer surface thereof or on both said 
inner and outer surfaces thereof. 

3. An implantable device according to claim 2, wherein 
the depth of said groove is set to 5 - 50% of a thick- 
ness of said device. 

4. An implantable device according to any one of claims 
1 to 3, wherein said deformable portions form an 



30 1 o. An implantable device according to claim 2, wherein 
the depth of said groove is set to 1 - 99% of a thick- 
ness of said device. 

11. An implantable device according to any preceding 
35 claim, wherein said device carries a medicine, a bi- 

oprosthetic material or a biosynthesis material. 

1 2. An implantable device according to anyone of claims 
1 to 1 0, wherein at least one part of the outer surface 

40 of said device is coated with a coating material made 
of a biocompatible material, a biodegradable mate- 
rial or a synthetic resin. 

1 3. An implantable device according to any one of claims 
45 1 to 1 0, wherein at least one part of an outer surface 

of said deformable portion is coated with a coating 
material made of a biocompatible material, a biode- 
gradable material or a synthetic resin. 

50 14. An implantable device according to claim 12 or 13, 
wherein said coating material carries a medicine, a 
bioprosthetic material or a biosynthesis material. 

15. An implantable device according to claim 12 or 13, 
55 wherein said coating material is formed of a biode- 
gradable material to which a medicine, a biopros- 
thetic material or a biosynthesis material is added. 
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16. An implantable device according to claim 11, 14 or 

1 5, wherein said medicine contains at leastone phar- 
maceutical selected from the group consisting of a 
medicine for preventing intimal hyperplasia, acarci- 
nostatic agent, an immunosuppressor, an antibiotic, 
an antirheumatic, an antithrombotic drug, HMG-CoA 
reductase inhibitor, an ACE inhibitor, a calcium an- 
tagonist, an anti-hyperlipidemia agent, anti-inflam- 
matory agent, an integrins inhibitor, an antiallergic 
agent, an antioxidant, aGP II b III a antagonist, retin- 
oids, flavonoids, carotenoids, a lipid-improving 
agent, a DNA-synthesis inhibitor, a tyrosine kinase 
inhibitor, an antiplatelet agent, a vascular smooth 
muscle cell proliferation inhibitor, an anti-inflamma- 
tory agent, a bioprosthetic material or interferon. 

1 7. An implantable device according to any one of claims 
1 to 1 6, wherein said device is formed by steps of 
forming a spiral deformable portion-provided tubular 
body by connecting axially adjacent coiled wire 
members to each other directly or indirectly and the 
step of removing a portion of said tubular body other 
than a portion thereof which is to be formed as said 
device. 

18. An implantable device according to any claims 1 to 

16, comprising wherein said device is formed by 
steps of forming an annular deformable portions-pro- 
vided tubular body by directly or indirectly connecting 
ring members so disposed parallel to each other as 
to form a cylindrical shape and the step of removing 
a portion of said tubular body other than a portion 
thereof which is to be formed as said device. 



Patentanspruche 

1. Eine implantierbare rohrenformige Vorrichtung, die 
im Wesentlichen als ein rohrenformiger Korper ge- 
bildet ist mit einem Durchmesser, der so festgelegt 
ist, dass die Vorrichtung in ein Lumen eines mensch- 
lichen Korpers eingefuhrt werden kann und in der 
Lage ist, sich bei Aufbringen einer von einer Innen- 
flache des rohrenformigen Korpers radial nach au- 
Gen wirkenden Kraft auszudehnen, wobei die Vor- 
richtung umfasst: 

eine Mehrzahl welliger ringformiger Elemente 
(2a, 2b), wobei jedes aus einem welligen Ele- 
mentgebildetund in einer Axialrichtung der Vor- 
richtung angeordnet ist; und 
Verbindungsabschnitte (4), wobei jeder die wel- 
ligen ringformigen Elemente in der Axialrichtung 
der Vorrichtung miteinander verbindet, da- 
durch gekennzeichnet, dass 
jedes der Mehrzahl welliger ringformiger Ele- 
mente (2a, 2b) eine Mehrzahl verformbarer Ab- 
schnitte aufweist, wobei jeder von einer Nut mit 



einer Breite von 1 |mm - 1 00 juim gebildet ist, die 
auf einer Flache der Vorrichtung bereitgestellt 
ist; jedes wellige ringformige Element (2a, 2b) 
einen gebogenen Abschnitt aufweist, der nicht 
5 mit den anderen welligen ringformigen Elemen- 

ten verbunden ist, so dass die verformbaren Ab- 
schnitte das wellige ringformige Element ein- 
schlieGlich den gebogenen Abschnitt kreuzen. 

10 2. Eine implantierbare Vorrichtung nach Anspruch 1, 
wobei die Nut auf einer Innenseite der Vorrichtung 
oder ihrer AuGenseite oder sowohl an ihrer Innen- 
als auch ihrer AuGenseite gebildet ist. 

15 3. Eine implantierbare Vorrichtung nach Anspruch 2, 
wobei die Tiefe der Nut auf 5-50% einer Dicke der 
Vorrichtung festgelegt ist. 

4. Eine implantierbare Vorrichtung nach einem der An- 
20 spruche 1 bis 3, wobei die verformbaren Abschnitte 

einen Winkel von 20° -90° zur Axialrichtung der Vor- 
richtung bilden. 

5. Eine implantierbare Vorrichtung nach einem der An- 
25 spruche 1 bis 4, wobei jeder verformbare Abschnitt 

so gebildet ist, dass der verformbare Abschnitt kon- 
tinuierlich urn eine Peripherie der Vorrichtung lauft, 
wenn der verformbare Abschnitt verlangert wird. 

30 6. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 5, wobei jeder verformbare Abschnitt 
so gebildet ist, dass eine Spirale auf der Peripherie 
der Vorrichtung gebildet wird, wenn der verformbare 
Abschnitt verlangert wird. 

35 

7. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 6, wobei jeder verformbare Abschnitt 
auf der gesamten Vorrichtung gebildet ist. 

40 8. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 7, wobei die Mehrzahl verformbarer 
Abschnitte mit einem Intervall zwischen den jeweili- 
gen verformbaren Abschnitten in der Axialrichtung 
der Vorrichtung von 0,01 mm gebildet ist. 

45 

9. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 8, wobei diese Vorrichtung aus einem 
Stent oder einem Stentimplantat besteht. 

50 10. Eine implantierbare Vorrichtung nach Anspruch 2, 
wobei die Tiefe der Nut auf 1-99% einer Dicke der 
Vorrichtung festgelegt ist. 

1 1 . Eine implantierbare Vorrichtung nach einem der vor- 
55 angegangen Anspruche, wobei die Vorrichtung ein 

Arzneimittel, ein bioprothetisches Material oder ein 
biosynthetisches Material tragt. 
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1 2. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 1 0, wobei mindestens ein Teil der Au- 
Benseite der Vorrichtung mit einem Beschichtungs- 
material aus einem biokompatiblen Material, einem 
biologisch abbaubaren Material oder einem synthe- 5 
tischen Harz beschichtet ist. 



gelemente direkt oder indirekt miteinander verbun- 
den werden, die so parallel zueinander angeordnet 
sind,dasssie einezylindrische Form bilden, und Ent- 
fernen eines Abschnitts des rohrenformigen Kor- 
pers, der nicht den Abschnitt davon darstellt, der als 
Vorrichtung zu bilden ist. 



1 3. Eine implantierbare Vorrichtung nach einem der An- 
spruche 1 bis 1 0, wobei mindestens ein Teil der Au- 
Genseite des verformbaren Abschnitts mit einem Be- 10 
schichtungsmaterial aus einem biokompatiblen Ma- 
terial, einem biologisch abbaubaren Material oder 
einem synthetischen Harz beschichtet ist. 

14. Eine implantierbare Vorrichtung nach Anspruch 12 15 
oder 13, wobei das Beschichtungsmaterial ein Arz- 
neimittel, ein bioprothetisches Material oder ein bio- 
synthetisches Material tragt. 



Revendications 

1. Dispositif tubulaire implantable se presentant sous 
la forme d'un corps sensiblement tubulaire ayant un 
diametre choisi de telle maniere que ledit dispositif 
peut etre insere dans un conduit d'un corps humain 
et capable de se dilater radialement lors de ('appli- 
cation d'une force agissant radialement vers I'exte- 
rieur depuis I'interieur dudit corps tubulaire, ledit dis- 
positif comprenant : 



15. Eine implantierbare Vorrichtung nach Anspruch 12 20 
oder 13, wobei das Beschichtungsmaterial aus ei- 
nem biokompatiblen Material gebildet ist, dem ein 
Arzneimittel, ein bioprothetisches Material oder ein 
biosynthetisches Material hinzugefugt wurde. 

25 

16. Eine implantierbare Vorrichtung nach Anspruch 1 1, 
14 oder 15, wobei das Arzneimittel mindestens ein 
Pharmazeutikum enthalt, ausgewahlt aus der Grup- 
pe bestehend aus einem Arzneimittel zum Vorbeu- 
gen von Intimahyperplasie, einem Karzinostatikum, 30 
einem Immunsuppressivum, einem Antibiotikum, ei- 
nem Antirheumatikum, einem Antithrombotikum, ei- 
nem HMG-CoA-Reduktasehemmer, einem ACE- 
Hemmer, einem Kalziumblokker, einem Mittel gegen 
Hyperlipidamie, einem Entzundungshemmer, einem 35 
Integrinhemmer, einem Antiallergikum, einem Anti- 
oxidationsmittel, einem GPIIb/llla-Blocker, Retino- 
iden, Flavonoiden, Carotinoiden, einem lipidstei- 
gernden Mittel, einem DNA-Synthesehemmer, ei- 
nem Tyrosinkinase-Hemmer, einem Antithrombozy- 40 
tenmittel, einem Proliferationshemmer fur vaskulare 
glatte Muskelzellen, einem Entzundungshemmer, 
einem bioprothetischen Material oder Interferon. 

17. Eine implantierbare Vorrichtung nach einem der An- 45 
spruche 1 bis 1 6, wobei die Vorrichtung gebildet wird 
durch Bilden eines rohrenformigen Korpers mit spi- 
ralformigem verformbarem Abschnitt, indem axial 
nebeneinanderliegende gewendelte Drahtelemente 
direkt oder indirekt miteinander verbunden werden, 50 
und Entfernen eines Abschnitts des rohrenformigen 
Korpers, der nicht den Abschnitt davon darstellt, der 

als diese Vorrichtung zu bilden ist. 

18. Eine implantierbare Vorrichtung nach einem der An- 55 
spruche 1 bis 1 6, wobei die Vorrichtung gebildet wird 
durch das Bilden eines rohrenformigen Korpers mit 
ringformigem verformbarem Abschnitt, indem Rin- 



une pluralite d'organes annulaires ondules (2a, 
2b) formes chacun d'un element ondule et pla- 
ces dans une direction axiale dudit dispositif ; et 
des parties d'assemblage (4) reliant entre eux 
lesdits organes annulaires ondules dans la di- 
rection axiale dudit dispositif, caracterise en ce 
que 

chacun desdits organes annulaires ondules (2a, 
2b) comporte une pluralite de parties deforma- 
bles formees chacune par une rainure ayant une 
largeur de 1 |jLm a 1 00 |mm prevue sur une sur- 
face dudit dispositif, chacun desdits organes an- 
nulaires ondules (2a, 2b) ayant une partie cour- 
bee qui n'est pas reliee aux autres organes an- 
nulaires ondules, de sorte que les parties defor- 
mables croisent ledit organe annulaire ondule, 
y compris ladite partie courbee. 

2. Dispositif implantable selon la revendication 1 , dans 
lequel ladite rainure est formee sur une surface in- 
terieure dudit dispositif ou sur une surface exterieure 
de celui-ci, ou a la fois sur les surfaces interieure et 
exterieure de celui-ci. 

3. Dispositif implantable selon la revendication 2, dans 
lequel la profondeur de ladite rainure represente de 
5 a 50 % de I'epaisseur dudit dispositif. 

4. Dispositif implantable selon I'une quelconque des re- 
vendications 1 a 3, dans lequel lesdites parties de- 
formables forment un angle de 20 a 90° avec la di- 
rection axiale dudit dispositif. 

5. Dispositif implantable selon I'une quelconque des re- 
vendications 1 a 4, dans lequel chacune desdites 
parties deformables est formee de telle maniere que, 
lorsque ladite partie deformable est prolongee, ladite 
partie deformable suit de facon continue la periphe- 
ric dudit dispositif. 
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6. Dispositif implantable selon Tune quelconque des re- 
vendications 1 a 5, dans lequel chacune desdites 
parties deformables estformee de telle maniere que, 
lorsque ladite partie deformable est prolongee, une 
spirale est formee sur la peripherie dudit dispositif. 5 

7. Dispositif implantable selon Tune quelconque des re- 
vendications 1 a 6, dans lequel chacune desdites 
parties deformables est formee sur le dispositif en- 
tier. 10 

8. Dispositif implantable selon Tune quelconque des re- 
vendications 1 a 7, dans lequel lesdites parties de- 
formables sont formees avec un intervalle de 0,01 a 

1 mm entre les parties deformables respectives dans 15 
la direction axiale dudit dispositif. 

9. Dispositif implantable selon Tune quelconque des re- 
vendications 1 a 8, dans lequel ledit dispositif con- 
siste en une endoprothese ou un greffon d'endopro- 20 
these. 

1 0. Dispositif implantable selon la revendication 2, dans 
lequel la profondeur de ladite rainure represente de 

1 a 99 % de I'epaisseur dudit dispositif. 25 

1 1 . Dispositif implantable selon Tune quelconque des re- 
vendications precedentes, dans lequel ledit disposi- 
tif transporte un medicament, un materiau de bio- 
prothese ou un materiau de biosynthese. 30 

12. Dispositif implantable selon I'unequelconquedes re- 
vendications 1 a 1 0, dans lequel au moins une partie 
de la surface exterieure dudit dispositif est revetue 
d'un materiau de revetement en materiau biocom- 35 
patible, en materiau biodegradable ou en resine de 
synthese. 

1 3. Dispositif implantable selon I'une quelconque des re- 
vendications 1 a 1 0, dans lequel au moins une partie 40 
d'une surface exterieure de ladite partie deformable 

est revetue d'un materiau de revetement en materiau 
biocompatible, en materiau biodegradable ou en re- 
sine de synthese. 

45 

14. Dispositif implantable selon la revendication 12 ou 
13, dans lequel ledit materiau de revetement trans- 
porte un medicament, un materiau de bioprothese 
ou un materiau de biosynthese. 

50 

15. Dispositif implantable selon la revendication 12 ou 
1 3, dans lequel ledit materiau de revetement est fait 
d'un materiau biodegradable auquel on a ajoute un 
medicament, un materiau de bioprothese ou un ma- 
teriau de biosynthese. 55 

16. Dispositif implantable selon la revendication 11,14 
ou 15, dans lequel ledit medicament contient au 



moins un agent pharmaceutique choisi dans I'en- 
semble comprenant un medicament pour prevenir 
une hyperplasie d'intima, un agent cancerostatique, 
un immunosuppresseur, un antibiotique, un antirhu- 
matismal, un medicament antithrombotique, un in- 
hibiteur d'HMG-CoA reductase, un inhibiteur d'ACE, 
un antagoniste du calcium, un agent anti-hyperlipi- 
demie, un agent anti-inflammatoire, un inhibiteur 
d'integrines, un agent antiallergique, un antioxydant, 
un antagoniste de GP llb-llla, les retinoTdes, les fla- 
vonoTdes, les carotenoTdes, un agent ameliorant le 
metabolisme des lipides, un inhibiteur de synthese 
d'ADN, un inhibiteur de tyrosine kinase, un agent 
antiplaquettaire, un inhibiteur de la proliferation cel- 
lulaire dans les muscles lisses vasculaires, un agent 
anti-inflammatoire, un materiau bioprosthetique ou 
un interferon. 

1 7. Dispositif implantable selon I'une quelconque des re- 
vendications 1 a 16, dans lequel ledit dispositif est 
forme par les etapes consistant a former un corps 
tubulaire pourvu d'une partie deformable en spirale 
en reliant des elements de fil metallique spirales 
axiale me nt adjacents les uns aux autres, directe- 
mentou indirectement, et I'etape consistant a retirer 
une partie dudit corps tubulaire autre qu'une partie 
de celui-ci qui doit former ledit dispositif. 

1 8. Dispositif implantable selon I'une quelconque des re- 
vendications 1 a 16, dans lequel ledit dispositif est 
forme par les etapes consistant a former un corps 
tubulaire pourvu de parties deformables annulaires 
en reliant directement ou indirectement des ele- 
ments d'anneaux disposes parallelement les uns 
aux autres afin de former une forme cylindrique et 
I'etape consistant a retirer une partie dudit corps tu- 
bulaire autre qu'une partie de celui-ci qui doit former 
ledit dispositif. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 10 
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FIG. 14 
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